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I. I~~Tp ODoc’rIoN

Systems are modelled in order to understand and explain them better

a~ c~ ~s prelude to action. Aircraft dynamics , for example , may be identified

so better designs can be made , or so that adaptive control actions can

~:~:en. Our attention in this continuing study has been directed at

:~~:cs of estimation and identification that are cc::nected with system

‘~~~~rscar.ding. This study has been aimed at two problem areas : multistage

:.~:.~~~in;, estim~t~cn , and identification algorithms for dynamical systems,

~ct , state esti~ azion and a parameter identif ication for a new class of

—— causal functional equations —- which describe wave propagation

i~ .a:;ered media systems.

The first problem is concerned with developing estimation algorithms

koch for parameter and state estimation that are recursive in the dimension

of che rarameter vector or state vector . Such algorithms will find utility

system mode c.or~., where model dimension is often a variable.

secoo~. Prpcien is concerned with velcp io•~ whole ne~ theories of

~tat± o~ ti: .~~~-.~ ~ar etor idaot if icat ic~ for a oew class of equations

we r e fe r  ci i~~ r~ .1sai functional ecuacicos.  These equations are

cc : ci~s—tioe  l inee r , t ime—i  ;arLirit wico oulcio e cime delays. They

or ec ves 3r iflca~j ra S , :~no rio .~~nerocure apparently exists

C i’csel f~~~cc±on~ l ecuacion5 are applicable to diverse areas such

as f - r ; : i o r i  seisneiccy , tr ansniss~ oc ilnes , speech orocessing , optical

th in  c t i c s arir~. oroblems .

: ::ing the Scm.mer of 1977 , Dr. Keith Glover spent six weeks working

:rant as a Visiting Research Scholar.

Ii. ?ZS~ ARCH P ROGRESS

1. We have demonstrated that  it is possible to extend Friedland ’s

~A]  bi~.s estimation technique, as recently rederived in a constructive manner

by ~ eric ~el and Washburn (1] ,  to the problem of estimating dynamical sta tes ~~~ C

and colored noise states [2]. We have shown how to obtain an exact multistage 
—
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decomposition not only for t h e  state est imation equat ions , but also for

the associated error covariance equations. Additionally, we ht~ive obtairie i

a second-order suboptimal multistage estimator , using a perturbation

t erhn i~:ue . Whereas a high-order ma t r ix  Riccati  eciuntion must  be solved when

results are used , a matrix Riccati eeuatio-~, of the dimension

of the colored noise states , must be solved when the ~~ u-c~~t i m~j l  results

ore _sed .

2. Washburn ~3 , 4) hac generalized Friedi:~n 1’ s [;~ bias estimation

ce rno_ i jue  to partitioned dynamical systems . In the çenernl case, the

ccl~~ lat~ ons are of the ~inenston of the overall system , so that, except

for ~::‘me special but i m oot t a n t  cases, there are no computational advantages

to the multistage amoroech . Those special cases, where there does appear

to he computational advantages for the multistage approach are: colored

noise (discussed above in Item 1) and weak couoling between the partitioned

systems.

The general :esuics ar e  important in themselves , rince they provide

the  ~ •-~~ •r y  f ir  a lacc::u _ ar ie~ oriposition of t h e  n~ ticil state estimator

for a system of ~ ce s L o ly  iar~ e dimension (i. o., a larc:e scale system).

:•~~s f e~~omoc~~ic :n c i- es skied ~risi~ ht into th~ structsre arid performance of

the m i n i m u m  r i s n c -  sot ased u st i m r i :c r .  In .~lt h t : o n, the methodology of

this muicIscase d~~cortno~~i~~io o : covides  a me~ ns f er  investigating

o t h e t  :~~r r ~s~~t i cos  if

Uofe r  the p e e — n t  s cant  we have comoleted our s t udy  in to  the develoorrient

of 0. ct3c::z t t h eo. ~uc~ f i l t e r s  for l i nea r  lumoed nar arneter  dynamica l  system s .

I. ~ce have f~evslooed tine—domain state space models for lossless

ja~~ p~d media which ace fescribed by the wave equation and boundary conditions

Our models era for non—equal one—way travel times; hence, they are

tenerel than existing models of layered media which are usually for layers

of iuj ~ o n e — w a y  travel times. Full state models, which involve 2K states

a ~-layer media system , as well as ha l f—s ta t e  models , which involve only

stec~ s h ~-.;e been developed and related . Certain transfer functions , which

appear in  the geophysics literature in connection with models of layered media



with  equal travel times have been generalized to the s ituat ion  of non—equal

travel times . Oar state space models represent a iiew class of equations ,

causal f u n c ot o n al  equations , for which ye have not been able to find any

literature . These equations are continuous—tine , linser , and contain

r;u t h t h e  ti~~e— d ~~lays.  Their impulse response is an infinite sequence of

ri:..- niformly spaced impulse functions .

4. We have proven the truth [7, 8] of the foilawing decomposition of

tee solutions to the lossless wave equation in lsr rth media: the complete

from a h—le er media system , which is co0pri:;~ u of the superposition

rinaries, secoocaries , tertiaries, etc., car. be obtained from a single

space modei off order 2K —— the complete modal —— or from an infinite

of models , oath of order 2K, the output of the first of which is just

tn crimaries , the  nucn~u t of the secor ’.d of which is just the secondaries,

oh:. This ciecomossition of the solution to the lossless wave equation into

rhveically iteenoorful constituents (i. e., primaries , secondaries , etc.) is

tolled a canothral ~ ranm~ r Series decompositisri, nft~ r 3rermer , who in 1951

c :ib l ished a soth ar •ie::omnosition [B] .

I- ma-~ :n:s. cal situatio~ e , ah~ se reflection c oe f f i c ien t s  are

cc oa li , cth c~:m: c s i ti a n  can he ~sca :.0 afzen sesendarics or tertiaries;

h:i :.~~s , it also . n t - ~sep ts  a w~ v to :s~sr oxieace t s .~ soi:hi :)n to the wave equation

cave ic oneccions ~~ our s ta t e  s~~~ce models and the

riven by 3rarr~ er for senecatirig the partial residuals.

.e have shown to go from ~ cemr~er ’ s integra l  ecuations to our state

C rad ium vi hh a eave number that  h a s  f i n i t e  j umps

lob occur at the i n :e rf ac ’s  and that  is constant w i t h i n

a •~er .  These ~se u m n : i o r s  for ~ ava number are associated wi th  what we mean

a c:rr : :on :allr  levered homocjan ecca e a r t h .

~c oave aso demcnecrated t r i at  Srer. er ’ s in tegra l  equations can be obtained
-
~~~. ~:. 3. method which  gives a:~proximate solutions to second—order

dofier?n:iai. esuatioris [C] . This justifies earlier claims [7 , 8] that the

hcc-smar series decomposition can be us’~d to approximate the complete solution

to  the lessless wave equat ion by t r u n cat i n g  that .  decomposition a f te r  a small

number of terms.



5. We ha ve developed [10] a gene ral theory for desr ri b i .ng ru in fo rced

events between multiple reflections in lossluss invsr~ d media, which are

described by the wave equation and boundary condition ; (e. g., horizontally

st~ st: Lied nonabsorptive earth with ver t ica l ly  t rave l ing  n one co:apre.-seional

~eioforcements occur wheneve r two or more rnsltisl..- reflections from

dofferent paths inside the media arrive at the erirfese at the same time so

coat t nev add (posi t ively or negat ive ly)  together. Tarse reinforcements

oocu: regardless of that  the travel time is in each lover  and d is tor t  th~
a c — .~renca of a seienoqr c~ for , they lead one to believe that a significant

er er t  has occurred by the appearance of a large amplitude segment of the

seismoor am , wh e rea s , in reality , that large event is a sum of (many)

smal . ar events.

Our general theory is applicable to a K— layer media system with non—uni form

t ra vel  times and sives information about the exact location in time , number ,

nod amplitude of reonforced events for n—aries Ci .  e., secondaries , tertiaries ,

c::. , where n = 1, I , 3 The starting p o i n t  for  the development of

tb_ n ccec~rv is pend e s 3remmer series decomposit ion (7 , 8) and the operator

des : r i L t I o n  of ece te  s::ece models of layered media [5 1 by means of which

: eft h :t i o n s  the re  n = 1 , 2 , 
~~~, ...) are aa~~e:~~ted and analyzed

s~~~~r - : e ly .~od r elaccu to nash  other. The two most  s ign i f i can t  multiple

r ef _ c :  :l :rr e , s~~ocnd a r :as .  and t e rt i er o a s,  have been studied extensively . We

hove l eocsshrt t ed  th~~c n o t  only do reinforcements occur between the same kind

of m th :cr .e r e f l n o : : c n~ ~e. g. , b e t wee n  secondaries) , but that reinforcements

aico scon: :~~roes d i f fe r e n t  k inds  of multiple r~ flectiens (e. g., between

seccoser les  and t e r h i er : e~~)

because our  causal funct ional  state space models for a layered

~~shen rerresent a new class of equations , we have had to study the

simulation of these equations. ~~o computational methods have

barn considered (111. In the first approach , we discretized the time. axis

sod irserted states of intermediate delays, to arrive at a set of standard

finite-difference equations. For our particular system , matrix multiplications

can be reduced to simple scalar multiplications. In the second approach, we

_ _ _ _



defined mapp ing rules for  t h o  t ransformat ion of s tates at  an interface , and

kept a sLeds reference table for look—up and b ranch ing . The procedure is

s im i l a r  to r ay—trac ing . Several experiments have been performed to show the

trade—off between storage requirement arid CPC t ime—spen t  f o r  the two methods.

Ue h ave develooed a procedure for extracting refiaction coefficients

ise data [12] which we feel is a substantial qeosralization of

c or oc e c iu re s  wh i ch  have been reported in the literature ([I)) for example)

::n:.ui with ~~~~~ earlier procedures are Standard ~lsscoptions and Steps

~.oclude :eonoram-~sits that the data be noise free and that the observed

~m :c d - i to  be convolved . Our procedure avoids these restr ict ive

r~-s : i rement s .  Fu r thermore , our procedure total ly avoids the concepts of

c — t o  ~nsforms, svnim’om obese, spectral factorization , forward and r ev ern e

r :T~~:sm::;1 m an iru l a ti o ne , e tc . ,  which appear in the literature on this subject.

5. S~~vera ’.. s ta t e  space real icet ions  of seismic source s ignatuLes were

u s i nq  ~rn : txvoate  real izat ion methods . This work was performed by

Pr. : oith  Glove :  aho s:’emt six  weeks at the University of Southern California ,

as a V i si tir : ;  -~~~-a r c a  Sc holar , dur inu  the of 1577.
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